Clinical studies show that docosahexaenoic acid (DHA) and arachidonic acid (ARA) supplemented formula improve visual function in preterm infants, however improved fatty acid status is known only for plasma and red blood cells (RBC) since target organs cannot be sampled from humans. Baboons were randomized to one of four groups: Term breast-fed (B); Term formulafed (TϪ); Preterm formula-fed (PϪ); and Preterm DHA/ARAsupplemented formula-fed (Pϩ). The Pϩ contained 0.61 Ϯ 0.03% DHA and 1.21 Ϯ 0.09% ARA, and breast milk had 0.68 Ϯ 0.22% and 0.62 Ϯ 0.12% as DHA and ARA, respectively. The B and Pϩ groups had significantly higher DHA concentration in all tissues than TϪ and PϪ. The PϪ group showed dramatically lower DHA content of 35%, 27%, 66%, and 75% in the brain, retina, liver, and plasma, respectively, compared with B. Supplementation prevented declines in DHA levels in the retina, and liver, and attenuated the decline in brain, plasma and RBC of preterm animals. In contrast, ARA was not significantly lower compared with B in any group in any tissue but was significantly elevated in liver and brain. RBC and plasma DHA were correlated with DHA in tissues; RBC/plasma ARA were uncorrelated with tissue ARA. We conclude that 1) DHA drops precipitously in term and preterm primates consuming formula without long chain polyunsaturates, while 22:5n-6 concentration rises; 2) tissue ARA levels are insensitive to dietary LCP supplementation or prematurity, 3) plasma and RBC levels of ARA are uncorrelated with total ARA levels; 4) DHA levels are correlated with group effects and are uncorrelated within groups. -6 ) B, breast-fed CS, cesarean section DHA, docosahexaenoic acid (22:6n-3) EDTA, ethylenediaminetetraacetic acid FA, fatty acid FAME, fatty acid methyl ester GC, gas chromatography LA, linoleic acid (18:2n-6) LCP, (Ն20 carbons) long-chain polyunsaturated fatty acids LNA, ␣-linolenic acid (18:3n-3) PC, phosphatidylcholine PE, phosphatidylethanolamine PI, phosphatidylinositol PL, phospholipids PUFA, polyunsaturated fatty acid RBC, red blood cells Docosahexaenoic acid (DHA, 22:6n-3) is the major n-3 long chain polyunsaturated fatty acid (LCP) in the CNS of humans and nonhuman primates. DHA deficiency induced by severe dietary restriction of n-3 fatty acids has long been known to produce characteristic functional deficits, including impaired electroretinograms and visual-evoked potential responses, and poorer visual acuity (1). Very premature human infants were the first pediatric group for which DHA was hypothesized to be conditionally essential, largely because the beginning of accelerated brain growth at about 28 wk gestation coincides with the conceptual birth age at which survival exceeds 50% (2). Early studies show that preterm infants consuming formulas containing DHA precursors but no DHA itself have poorer visual acuity than those who were supplemented with DHA (3-5). Received October 8, 2002; accepted February 13, 2003. Correspondence: J. Thomas Brenna, Cornell University, Savage Hall, Ithaca, NY 14853; e-mail: jtb4@cornell.edu This work was supported by NIH grant EY10208. 
Docosahexaenoic acid (DHA, 22:6n-3) is the major n-3 long chain polyunsaturated fatty acid (LCP) in the CNS of humans and nonhuman primates. DHA deficiency induced by severe dietary restriction of n-3 fatty acids has long been known to produce characteristic functional deficits, including impaired electroretinograms and visual-evoked potential responses, and poorer visual acuity (1) . Very premature human infants were the first pediatric group for which DHA was hypothesized to be conditionally essential, largely because the beginning of accelerated brain growth at about 28 wk gestation coincides with the conceptual birth age at which survival exceeds 50% (2) . Early studies show that preterm infants consuming formulas containing DHA precursors but no DHA itself have poorer visual acuity than those who were supplemented with DHA (3-5).
Concerns about overall growth raised by supplementation studies with DHA, as a component of high eicosapentaenoic acid (EPA) fish oil (6) , led to the present consensus that arachidonic acid (ARA) should always be included with DHA supplementation (7) . Formulas and baby foods supplemented with DHA/ ARA are now available in the USA and in many countries worldwide.
Since the early 1980s, at least 12 randomized clinical trials of LCP supplementation in premature human infants have appeared, testing effects of LCP supplementation on biochemical and/or functional outcomes of preterm infants, as well as the alternative strategy to alter the n-6/n-3 precursor ratio to enhance DHA status (most reviewed recently by Gibson et al. (8) ). Several showed improvements in visual development (9) , consistent with findings from primate deficiency studies and the earliest human studies. Many studies have appeared for term infants as well, with rare exceptions showing either modest improvement or no differences. A major limitation to all these studies is that the target organs, specifically brain, retina, and liver, cannot be sampled in live human infants to assess how status changes with altered dietary intake. Red blood cells (RBC), and plasma phospholipid (PL) or total fatty acids (FA) are the usual proxies for organ concentrations, though buccal cell fatty acids obtained from cheek swab also respond to dietary fatty acid changes (10 -12) . From these studies there is abundant evidence that the absence of dietary DHA/ARA results in significant decreases in blood cell and plasma DHA and ARA (13) (14) (15) (16) (17) . These data are consistent with autopsy studies of sudden-infant-death syndrome infants showing that brain lipids of unsupplemented formula-fed infants have as much as a 40% reduction in DHA compared with breast-fed infants, depending on brain region (18 -21) .
A convincing body of data shows that preterm infants suffer high rates of cognitive and behavioral deficits later in life (22) (23) (24) (25) . It is tempting to link these observations to the high CNS concentrations of DHA and ARA by the hypothesis that perinatal fatty acid nutrition limits ultimate neural development in preterms. Although preterms are capable of synthesizing DHA and ARA from their 18 carbon precursors (26, 27) , the adequacy of the process to support the aggressive growth of the CNS is not known. There are no autopsy studies of tissue fatty acid composition to permit evaluation of DHA levels in premature infants with or without supplemented formula. Suitable animal models in controlled studies are required to establish whether human brain DHA and ARA concentrations are likely to be compromised in infants consuming formula containing only precursors. Baboons are among the most common models for prematurity, and as omnivorous primates are among the best models for human fatty acid nutrition (28) , however there are no primate studies yet reported testing diets that manipulate n-3 fatty acid composition in diets of preterm primates.
The goal of this study was to determine the effect of prematurity and LCP supplementation on the fatty acid composition of brain, retina, liver, RBC, and plasma in neonatal baboons. Conceptual age matched randomized breast-fed and term groups served as controls. Correlations between ARA and DHA concentrations in plasma and erythrocytes versus those in developing tissues are examined to enable extrapolations in human studies.
MATERIALS AND METHODS
Animals and experimental design. All procedures involving animals were approved by the Cornell Institutional Animal Care and Use Committee (IACUC), and the animal facility is approved by the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC). The characteristics of the animals are summarized in Table 1 . Twenty-two pregnant baboons/neonates were randomly assigned to one of four categories: term breast-fed (B)(n ϭ 5); term formula-fed (TϪ; n ϭ 7); preterm, formula-fed (PϪ; n ϭ 5); preterm, formula ϩ LCP-fed (Pϩ; n ϭ 5). Term and breast-fed animals were allowed to give birth spontaneously, around 182 d of gestational age. Formula-fed animals (TϪ) were transferred to nursery within 12 h of birth and fed a commercially available infant formula (Enfamil, Mead-Johnson, Evansville, IN, U.S.A.) without long-chain polyunsaturates (LCP) for 4 wk. There were two animals in the term group and one in the breast-fed group, which were kept for 6 wk. Their tissue fatty acid compositions were within the range defined by the 4-week animals and therefore all data were pooled. At about 151 d of gestation, females in the premature groups received two injections of antenatal betamethasone (175 mg/kg body weight/d) 48 h and 24 h before birth. Premature neonates were delivered by cesarean sections (CS) at 153 Ϯ 4 d of gestational age as estimated by ultrasound measurement of head circumference Table 2 shows the FA composition of the different dietary regimes and the lactating female's chow. The breast milk and formula had similar linolenic acid (LNA, 18:3n-3) to linoleic acid (LA, 18:2n-6) ratios, the breast milk had about half the ARA, significantly more 22:5n-3 and similar DHA concentrations compared with the Pϩ formula. Eicosapentaenoic acid (EPA, 20:5n-3) was detected only in breast milk. Thin layer chromatography analysis verified that the ARA and DHA were in triglyceride form in the supplemented formula (data are not shown).
Sampling. Neonates were euthanized by exsanguination under halothane general anesthesia. Blood was drawn into EDTA-containing evacuated tubes, and RBC and plasma were separated by centrifugation. Liver and brain were removed quickly, weighed and placed individually in freezer bags. Both eyes were removed, and retinas were immediately dissected and stored in sterile saline. All samples were flash frozen and stored in liquid nitrogen until they were transferred to a Ϫ80°C freezer, where they were maintained until analysis.
Analyses. Total lipids were extracted from the tissue homogenates and the diets according to a modified Bligh and Dyer protocol (30, 31) using a chloroform-methanol-water 2:1:0.8 mixture with 0.02% butylated hydroxy toluene as an antioxidant. Fatty acid methyl esters (FAME) were formed by saponification using sodium hydroxide followed by esterification with boron-trifluoride (BF 3 ) in methanol. Freshly prepared di-heptadecanoyl-phosphatidylcholine for tissue samples or triheptadecanoin for diets (Matreya, Inc Pleasant Gap, PA, U.S.A.) was added as internal standard before homogenization. Total FAME were analyzed by gas chromatography (GC) (HP 5890 GC with flame ionization detector; BPX-70 capillary column: 60 m ϫ 0.32 mm ID ϫ 0.25 m film thickness (SGE), using H 2 carrier gas). FAME were identified by comparison with FAME standards, and the results were calibrated using response factors obtained from analysis of an equal weight FAME mixture of known composition using methyl heptadecanoate as an internal standard.
Statistics. Data are expressed as mean Ϯ SD. A one-way ANOVA with unequal n Tukey honest significant difference (HSD) post-hoc test was used to test for significant differences at p Ͻ 0.05, performed by STATISTICA release 4.5 for Windows (StatSoft, Tulsa, OK, U.S.A.). Polynomial equations were fit to describe the change in % FA of different organs with increasing plasma or RBC FA concentrations.
To evaluate whether correlations between plasma or RBC and tissue DHA (or ARA) were explained fully by group effects, the SPSS general linear model was used (Chicago, IL, U.S.A.). The model was y ϭ ax ϩ z, where y is the organ DHA (or ARA), a is the slope of x, x is the either plasma or RBC DHA (or ARA) as covariate, and z is the group as a categorical variable. If the slope of blood borne DHA (a) is not significant after inclusion of the groups, then none of the remaining variation in the organ DHA (or ARA) is explained by the plasma or RBC DHA levels.
RESULTS
Visual cortex fatty acids. The visual cortex (brain) total FA composition is presented in Table 3 , and the results for DHA and 22:5n-6/22:6n-3 (only) are shown graphically in Fig. 1 . The B group had the highest brain DHA concentration while the TϪ and PϪ groups DHA concentrations were lower by 20% and 35%, respectively. Supplementation supported simi- lar concentrations in brain DHA as breast-feeding, though DHA in the Pϩ group was 10% lower than that of the B group (p Ͻ 0.05). Figure 1b illustrates the results for the 22:5n-6/ 22:6n-3 index, taken as an indicator of n-3 deficiency. Our results show that this index depended on the presence or absence of dietary DHA. The 22:5n-6/22:6n-3 ratios for the TϪ and PϪ groups were similar, as were the ratios for the B and Pϩ groups; however, the 22:5n-6/22:6n-3 ratios of the TϪ and PϪ groups were elevated by 2-to 5-fold compared with those of the B and Pϩ groups (p Ͻ 0.05).
In contrast to DHA results, a significantly greater ARA concentration was observed between the B group (12.9 Ϯ 0.3%) and the PϪ group (14.3 Ϯ 0.4%), while the TϪ and Pϩ group ARA levels were not significantly elevated relative to the B group ARA levels. Notable also is the effect of prematurity revealed by the significantly greater ARA concentration in PϪ compared with TϪ (13.2 Ϯ 0.7%).
Retina fatty acids. Our results for retina FAME analysis are summarized in Table 4 . Group B had the highest DHA levels at 22.6 Ϯ 1.6%, while both unsupplemented groups were significantly lower, at 18.6 Ϯ 1.4% for the TϪ group and 16.5 Ϯ 1.8% for the PϪ group. Unlike in the brain, supplementation maintained the Pϩ group retinal DHA concentrations (22.1 Ϯ 1.2%) at a level similar to that of the B group. The 22:5n-5/ 22:6n-6 ratio was similar for the B and Pϩ groups, and was significantly elevated, by 2-to 3-fold, for the unsupplemented groups (PϪ, TϪ).
All four groups had similar levels of retinal ARA. However, the elongation products of ARA, 22:4n-6 and 22:5n-6, were elevated in the unsupplemented formula groups compared with the B group.
Liver fatty acids. As shown in Table 5 and Fig. 1a , liver DHA concentration of the unsupplemented groups was dramatically depleted compared with the levels in the B and Pϩ groups, which were not significantly different. The TϪ and PϪ groups had 37% and 34%, respectively, of the liver DHA concentration in the B group, while the 22:5n-6/22:6n-3 index was elevated 3-to 4-fold compared with the B and Pϩ groups. The EPA concentration was significantly elevated in the B group, possibly due to the nonzero EPA levels in breast milk. Although all the neonate diets contained similar amounts of LNA, the breast-fed group had about double the liver LNA of the formula groups.
The livers of the B group had reduced levels of ARA compared with the other three groups, which could be explained by the presence of EPA in breast-milk but not in the neonate formulas. The Pϩ group livers contained significantly less LA than the unsupplemented groups. Similarly, the unsupplemented groups showed elevated levels of 22:4n-6 and 22:5n-6.
RBC/plasma fatty acids. Quantitative FA profiles for RBC and plasma are presented in Tables 6 and 7 , respectively. Comparisons between the liver and plasma FA compositions show several similarities consistent with the role of the liver as an important site of LCP synthesis. As expected, the Pϩ group had higher levels of DHA in the RBC and plasma than did the PϪ group. Similar to the brain results, DHA levels in the plasma and RBC of the Pϩ group were significantly lower than that of the B group. Plasma DHA in the TϪ and PϪ groups was further depressed, at levels 70% and 75% below the B group values, respectively. Plasma 22:5n-6/22:6n-3 indexes were similar to that of the liver, but the TϪ and PϪ groups were elevated by 4-to 5-fold compared with the B and Pϩ groups.
Similar to the results for other tissues, plasma and RBC LA concentrations were significantly lower in the Pϩ group whereas LNA levels did not show any significant differences. Significantly higher ARA levels found in the Pϩ group plasma probably reflect the high dietary intake compared with the B group. However, it is notable that B, TϪ, and PϪ groups were ⌺SFA, sum of the saturated fatty acids, were not significantly different among the groups and overall averaged 36.2 Ϯ 2.8% wt.; ⌺MUFA, sum of the monounsaturated fatty acids. 248 similar in plasma ARA concentrations despite the presence of ARA in breast milk but not in the unsupplemented formula groups. Unlike in the other tissues, 22:4n-6 in plasma and RBC did not change, and there was a modest trend in 22:5n-6 levels favoring the term groups (B, TϪ).
Regression analysis. Neither the plasma nor the RBC ARA levels were correlated with the ARA levels of the other tissues. Figure 2C shows the relationships between liver DHA versus RBC or plasma DHA, and the corresponding best-fit equations. The unsupplemented groups are clearly separated from B and Pϩ, consistent with the role of the liver as a storage site for LCP. Figs. 2A and B present the linear and quadratic relationships between DHA levels in brain and retina versus plasma or RBC. After group effects were included in the regression model, further analysis showed that no remaining variability in tissue DHA could be explained by RBC or plasma levels.
DISCUSSION
To isolate the effects of prematurity on neonates maintained on an unsupplemented diet, we directly compare the PϪ and TϪ groups since they were on identical diets and differed only in gestational age. Brain DHA was 18% lower in the PϪ group compared with the TϪ group (p Ͻ 0.05), and a similar, nonsignificant trend was consistently found in other pools. The 22:5n-6/22:6n-3 ratio was significantly elevated in retina but not in brain or in the other tissues. These results likely reflect the longer period that the PϪ group was without the benefit of maternally derived DHA via placental transfer. In contrast, brain ARA concentrations were significantly greater in the PϪ group compared with the TϪ group, and again, a similar, nonsignificant trend is evident for the other tissues. The importance of this seemingly paradoxical increase in ARA in prematurity is not apparent, nor is the reason for an increase in ARA products.
The effects of supplementation on FA composition can be evaluated by comparisons between the Pϩ and PϪ groups, and secondarily the B versus TϪ groups. All pools showed greater DHA concentrations when DHA was present in the diet. In contrast, supplementation did not significantly influence ARA levels in most tissues, though plasma ARA in the PϪ group was less than that in the Pϩ group, and in the TϪ livers ARA levels were greater than in the B livers. Comparing the brain data of the premature groups (PϪ versus Pϩ), the ARA product 22:5n-6 decreased with supplementation. The B and TϪ groups did not show significant changes in this FA, but the sum of n-6 fatty acids was significantly different as result of the trend in favor of the TϪ group. Overall, we conclude that DHA supplementation is effective at improving tissue DHA concentrations in premature baboons, but that ARA concentrations are more tightly controlled.
In the absence of dietary LCP, liver DHA levels were lower by 63% and 66% (TϪand PϪ, respectively), plasma DHA was lower by 70% and 75%, RBC DHA was lower by 52% and 64%, but brain DHA was lower by only 21% and 35% compared with the B group. Assuming there are no significant differences in the concentrations of DHA among the groups at birth, these values represent decreases in DHA concentration in unsupplemented groups compared with the breast-fed group. These declines occurred even though the TϪ/PϪ formula contained LNA levels found in conventional formulas. The dramatic decreases in liver DHA concentrations and in blood pools (plasma and RBC) suggest that the liver capacity for LCP synthesis is limited. The smaller decrease observed in the visual cortex of the TϪ and PϪ groups is consistent with rapid uptake of LCP by the developing brain, which is spared the decrease in DHA seen in other tissues. Brain requirements appear to deplete plasma DHA and, in turn, decrease DHA levels in liver and other tissues. This conclusion is supported by evidence that brain LCP accretion requires mobilization of LCP from other organs (32).
The 22:5n-6/22:6n-3 ratio in tissues or blood is commonly used as an indicator of n-3 fatty acid deficiency, based in part on empirical observations showing that this ratio rises in n-3 fatty acid deficiency. This phenomenon has been observed in preterm infants on formulas with varying amounts of n-3 fatty acids (13) . It is thought that 22:5n-6 is a structural analogue to DHA and can serve similar biochemical functions, though functional deficits suggest that 22:5n-6 is not a fully effective replacement for DHA (33) . In the present study, all tissues from the unsupplemented groups showed significantly elevated 
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PREMATURITY AND DHA/ARA SUPPLEMENTATION 22:5n-6/22:6n-3, with plasma and RBC being particularly high. This indicates that plasma and RBC should be sensitive probes of tissue 22:5n-6/22:6n-3 ratios, and our data are direct evidence that the plasma and RBC are markers for increases in this ratio in liver, brain and retina.
The large decreases in plasma and RBC DHA concentrations observed in our data are even greater than those reported in the most similar of the existing human preterm studies. Plasma DHA levels were lower by about 61% in preterms (2-and 6-wk-old) fed a formula with no DHA compared with a formula supplemented with 0.76%wt DHA, and by about 50% compared with a breast-fed reference group (14) . Plasma DHA levels dropped 51% in 6 week old preterm infants fed an unsupplemented soy-oil-based diet compared with a supplemented diet (13) , and by about 25 wk of age the decrease was 59% (34) . In those 6-week-old preterms, total RBC DHA was lower by 24% in a soy diet compared with a DHA supplemented diet (13) . In another study, RBC DHA was lower by 41% at 7 wk in DHA supplemented preterms compared with controls (35) . Variability in total body fat at birth is one plausible factor that may contribute to the relatively wide range of plasma and RBC DHA decreases reported in human studies, as well as the generally milder decreases in humans compared with baboons. The human infant accumulates uniquely large body fat stores before birth (36, 37) , and these stores contain significant amounts of DHA (38) . Although preterm infants have much less body fat than term infants, the preterms in the cited studies averaged more than 30 wk gestational age, when the period of body fat accumulation is underway.
The unsupplemented group brain DHA concentrations were 34% to 37% lower than the B group, which is within the low end of the range reported in human autopsy studies. Those data showed decreases of 10% to 40% in brain DHA levels in unsupplemented formula-fed human infants, compared with breast-fed infants (18 -21) . Statistically valid comparisons between breast-fed and formula-fed infants are not possible in There are no animal data available, in any species, with which to compare our data on the effects of supplementation on prematurity. There are many studies of LCP supplementation in sub-primates, and our data are in good qualitative agreement with them. They generally show that most tissues increase DHA concentration in response to supplementation, while for ARA only plasma and RBC respond to supplementation. After 12 wk of feeding formula supplemented with ARA/DHA (0.9%wt/0.6%wt) to guinea pigs, Abedin and coworkers found that the DHA tissue proportions improved by 1.4-fold in brain phosphatidylethanolamine (PE), 1.8-fold in retinal PL, and by 14-fold in the liver. We found 1.4-fold, 1.3-fold, and 3-fold increases in brain, retina, and liver DHA respectively with similar levels of supplementation. There were no changes in brain or retina ARA proportions even at the highest level of supplementation, however liver ARA was significantly elevated compared with controls (39) . These data are in accord with our observations that ARA and DHA supplementation in the Pϩ group did not increase retina and brain ARA levels compared with the TϪ and PϪ groups, while liver ARA increased significantly compared with the TϪ group only.
Piglets fed formula containing 0.5%wt ARA and 0.4%wt DHA showed greater tissue DHA levels compared with unsupplemented controls, with the most pronounced changes observed in liver and plasma (Ͼ2-fold greater), while the retina and brain PE showed a modest 1.1-fold increase. ARA levels in plasma and RBC PE were greater, but were not different in brain and retina PE in comparison to no-LCP controls (40, 41) . In our study, ARA and DHA provided at 1.21%wt and 0.61%wt, respectively, to the Pϩ group resulted in elevated ARA only in plasma and not in the other tissues when compared with the PϪ group. In another piglet study, inclusion of ARA and DHA in the diet caused a moderate but significant improvement (Ͻ1.2-fold) in frontal cortex PE and phosphatidylinositol (PI) but no changes in other PL classes. Addition of ARA/DHA to the formula did not lead to higher levels of ARA in the frontal cortex or hippocampus; on the contrary, in the latter the ARA level was lower in the supplemented group (42) . Craig-Schmidt et al. reported increases in retinal phospholipid DHA for piglets supplemented with 1%wt ARA and 0.8%wt DHA. They found 1.3-fold higher ARA level in the retina phosphatidylcholine (PC) ARA but not in PE ARA after supplementation (43) .
Artificially reared rats fed diets with Ͼ2%wt ARA and Ͼ2%wt DHA showed that the DHA content of forebrain phospholipids were significantly elevated after 3 wk and 9 wk of supplementation. The RBC DHA levels showed an average 2.3-fold increase after 9 wk in the different PL classes (44, 45) . We also found a 2.3-fold greater level for this tissue in baboons. In rhesus macaque infants, the breast-fed animals had the highest level of plasma DHA even though the breast milk contained less than half the DHA concentration of the supplemented formula, which had 1%wt ARA and 1%wt DHA. At 4 wk of age, the plasma DHA of the supplemented animals increased by 3.4-fold and ARA by 1.6-fold. These figures are very close to our 3.3-fold and 1.7-fold increases in the plasma levels for DHA and ARA, respectively, in premature baboons (46) .
We examined the correlation between plasma and RBC ARA versus organ ARA levels. Other than one significant but weak correlation, our analysis shows that RBC or plasma ARA is not predictive of organ ARA concentrations. On the other hand, plasma and RBC DHA were predictive of group tissue DHA in all cases examined, as shown in Figs. 2A-C . Additionally, analysis accounting for group effects as categorical data show that all variability is explained by group effects, and that within a group, levels were uncorrelated. We conclude that that RBC and plasma DHA concentrations are useful proxies for brain, retina, and liver DHA levels, and that caution is warranted when comparing these levels over a small range.
CONCLUSION
In conclusion, our results indicate that unsupplemented formula caused a precipitous drop in DHA of brain and related tissues, and that formula supplemented with 0.3 energy% DHA and 0.6 energy% ARA prevented this drop in retina and liver. Retina and brain DHA concentrations are more resistant to dietary manipulation than liver or blood DHA, and tissue ARA levels are less sensitive than DHA to LCP supplementation and prematurity, and may decrease with supplementation. RBC and plasma total ARA is unresponsive to changes in tissue ARA and thus cannot be used as a proxy for tissue ARA. Finally, brain, retina, and liver DHA concentrations are significantly correlated to plasma and RBC levels, and these correlations were fully explained by group effects.
